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In the past decade, tremendous progress has been made in organic field effect 
transistors. Fused oligothiophenes and anthracene molecules are fascinating 
macromolecules having unique optoelectronic properties. These compounds are 
successfully employed as active components in optoelectronic devices including field 
effect transistors. Our goal is to design and synthesize conjugated molecular materials, 
which are highly functionalized through structural modifications in order to enhance their 
electronic, photonic, and morphological properties. The main desire is to synthesize novel 
organic fused-arenes having efficient charge carrier mobilities, as well as to optimize 
optical properties for organic field effect transistors (OFETs). Novel series of fused arene 
molecules of 9,10-di(thiophen-3-yl)anthracene (1), trans-2,5-(dianthracene-9-
vinyl)thiophene (2), trans-5,5’-(dianthracene-9-yl)vinyl)- 2,2’-bithiophene (3), 5,5’-di(2-
thiophene)-2,2’-bithiophene (4) , 9,10-(divinyl)anthracene core with 1-
phenylcarboxypyrene (6) and polymers of poly(anthracene-co-bithiophene) (5) and 
poly(anthracene) (7) have been synthesized as promising materials for organic field effect 
transistors (OFETs). These compounds were confirmed and characterized by 1H-NMR, 
FT-IR, and elemental analysis. Their optical, thermal, and electronic properties were 
investigated using UV-Vis and photoluminescence spectroscopy, and thermogravimetric 
analysis respectively. 
Future studies will focus on evaluating OFETs performance of these material
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CHAPTER 1 
INTRODUCTION 
 1.1 Overview 
Conjugated organic molecules have been the subjects of continuous interest 
relating to possible applications in electronic and optoelectronic devices. Synthetic efforts 
aimed at pi-conjugated systems having well-defined architectures are indeed driven by the 
desire to impart specific optical and electrical properties to materials via control of their 
molecular structure. For example, they are used in organic light-emitting diodes 
(LEDs),1,2 solar cells3, and field effect transistors.4,5 As a result, over the past few years, a 
wide range of functionalized pi-conjugated molecules, oligomers and polymers have been 
designed and synthesized to tune optical and electronic properties.6,7  
Development of synthetic methodology makes it possible to design a variety of 
soluble conjugated systems, which give RGB colors and luminescence properties through 
tuning the conjugation length and substitution. When functionalized with flexible side 
groups,8 these materials can become soluble in organic solvents and can be solution 
processed at room temperature into large-area, optical-quality thin films.9-11 Such films 
are readily fabricated into desired shapes that are useful in novel devices.12-16 
The use of organic materials for organic field effect transistors (OFETs) have 
attracted wide-spread interest since 1986.17 Their unique advantage such as light weight, 
low cost, flexibility, and easy fabrication of large area make them highly promising for 
electronic paper, sensors, radio frequency identification tags, and organic active matrix.17 
Polymer semiconductors have been widely studied because of their unique advantages 
such as chemical tunability, compatibility with plastic substrates, structural flexibility, 
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and favorable solution process abilities like ink –jet printing and roll to roll process.18 
However, major challenges in the use of organic polymers for device applications are 
their low charge mobilities and oxidation in the presence of oxygen. Therefore high 
stability and long lifetime of OFETS are required in order to realize the benefits of 
organic electronics.19 Pentacene is of particular interest because of its high on/off ratio, 
0.3 – 0.7 cm2/(V.s) on SiO2 /Si substrate, 1.5 cm2/(V.s) on chemically modified SiO2 /Si 
and 3 cm2/(V.s ) on polymer gate dielectric.6,19-21 Many efforts have been devoted to 
synthesizing pentacene related derivatives, mainly with substituents at different 
position.22,23 A successful example is triisopropylsilyethynyl substituted pentacene, which 
gave enhanced pi–stacking interaction.6 OFET single crystals are found to give the highest 
mobilities largely due to their regular molecular ordering that permits extensive 
intermolecular orbital overlap to occur.24,25 Crystalline pentacene is probably the most 
widely studied organic semiconductor because of its high performance26 [hole mobiliy of 
1.5 cm2/(V.s)].26 Pentacene suffers from the disadvantage of being easily oxidized as it is 
only moderately stable in air.19,27 The charge carrier mobility of Rubrene single crystal on 
an elastromeric polydimethylsiloxane gate dielectric reach beyond 10 cm2/V.s, which 
shows that their performance is comparable to that of amorphous silicon device.28 An 
acene-fused with a thiophene unit at one end becomes unsymmetrical and is expected to 
have nearly the same molecular shape associated with a small dipole moment which may 
enhance the intermolecular packing with out major change in the molecular arrangement 
in the crystal, or induce a more favorable cofacial pi stacking structure.29 Oligomers of 
thiophene, typically the hexamers of thiophene or its derivatives have dominated as 
active organic material for OFETs, and they exhibit high field effect charge mobility of 
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0.02cm2/V. s sexithiophene and 0.05 cm2/V. s for α,ω- dihexyl sexithiophene.30 OFETS 
provide strong competition to silicon based TETS but the problem of how to design and 
synthesize air stable organic semiconductor must be solved.19 The significant mobility 
progress from the initially reported 10-5 cm2/V. s for polythiophene in 1986 to 10 cm2/V.s 
for present organic thin films and 15- 40 cm2/V. s for organic single crystals.17,31,32 
1.2 General Goals of the Research 
The general goal of my research is designing and synthesizing conjugated 
molecular materials which are highly functionalized through structural modifications in 
order to enhance their electronic, photonic and morphological properties. The main desire 
is to synthesize novel organic fused-arenes, which have efficient charge carrier 
mobilities, as well as to optimize optical properties for organic field effect transistors 
(OFETs). This thesis describes studies on seven different fused- arenes systems. Several 
of these molecular systems have great potential value as a conductive layer for OFETs. 
These molecular systems are mainly derived from fused-arenes of thiophene and 
anthracene derivatives. The oligomers of thiophene exhibit high field effect charge 
mobility of 0.02 cm2/V s33, and that of anthracene was found to be 0.012cm2/Vs.34 The 
idea of combination of these derivatives into different distinctive compounds such as 
compounds 1-5 and polymers 6 and 7 described in Chapter 3 would increase the scope of 
the performance of OFETs with higher on/off current ratio. 
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CHAPTER 2 
BACKGROUND 
2.1 Recent advancements of Field Effect Transistors 
The invention of the transistor in 1947 by John Bardeen, William Shockley, and 
Walter Brattain is regarded as one of the greatest discoveries of the 20th century since it is 
the basic component in modern electronics.35, 36 The field-effect transistor (FET) was first 
proposed by J.E. Lilienfeld. He proposed that a field-effect transistor behaves as a 
capacitor with a conducting channel between a source and a drain electrode. Applied 
voltage on the gate electrode controls the amount of charge carriers flowing through the 
system.37 The first field-effect transistor was designed and prepared in 1960 by Kahng 
and Atalla using a metal-oxide semiconductor (MOSFET).38 In 1987, Koezuka and co-
workers reported the first organic field-effect transistor based on a polymer of thiophene 
molecules.39 OFET design has also improved in the past few decades. Many OFETs are 
now designed based on the thin-film transistor (TFT) model, which allows the devices to 
use less conductive materials in their design. Improvement on these models in the past 
few years have been made to field-effect mobility and on-off current ratios.39 
 The time line of organic semiconductors on mobility progresses from 10-5 cm2/ 
V.s for polythiophenes in 1986 to 10 cm2/ V.s for present organic thin film transistors and 
15-40 cm2/V.s for organic single crystal transistors. The Figure 2.1 shows the progress of 
organic semiconductors as promising materials for OFETs over amorphous silicon during 
past twelve years. The data indicates great prospect of organic materials for potential 
applications in electronic device applications.5 
 5 
 
 
Figure 2.1: The progress chart of some organic semiconductors with high 
performance in terms of their charge mobilities.19 
2.2 The Principal of Organic Field Effect Transistors 
A field-effect transistor (FET) is the type of transistor commonly used for weak-
signal amplification. The device can amplify analog or digital signals and act as a switch 
or an oscillator. In an OFET, the current flows along the organic semiconductor path 
called the channel. At one end of the channel, there is an electrode called the source. At 
the other end of the channel, there is an electrode called the drain. The physical diameter 
of the channel is fixed, but its effective electrical diameter can be varied by the 
application of a voltage to a control electrode called the gate. A small change in gate 
voltage can cause a large variation in the current flowing from the source to the drain. 
This is how the OFET amplifies signals. Charge carrier accumulation is highly localized 
at the interface between the organic semiconductor and the gate dielectric, and the bulk of 
the material is barely, or not at all, affected by the gate-induced field. As shown in 
Figure 2.2, OFETs can have either a top gate or bottom gate architecture, depending on 
the sequence of deposition of the semiconductor and the gate dielectric. 
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Figure 2.2. The schematic diagram for the two basic types of OFET with bottom 
gate architecture top-contact and bottom-contact 
 
The operation principle of an organic field-effect transistor (OFET) depends on 
the application of an electric field that causes the formation of a conducting channel in 
the dielectric/semiconductor interface. The two main structures employed in OFETs are 
top contact and bottom contact. In both cases, the organic semiconductor deposited on a 
dielectric is contacted with two metal namely, the source and drain, and on the other side 
of the dielectric a third contact, the gate, is placed (see Figure 2.3). The voltage between 
the source and the gate called “Gate Voltage, VG and the voltage between the source and 
drain called “Drain Voltage, VD. 
The source-drain current flowing along the organic material can be controlled by 
application of a Gate Voltage (VG) between the source and the gate, which creates an 
electric field responsible for the formation of an accumulation layer of charges at the 
semiconductor/dielectric interface, and depending on the VG applied, the nature of the 
charge carriers accumulated at the interface can be controlled.  
 
 
  
 
 
 
 
 
 
 
Figure 2.3: Schematic diagram of a typical OFET device structure
 
The main principle involved in 
is illustrated in Figure 2.4
shifts the highest occupied molecular orbital (HOMO) and lowest unoccupied molecular 
orbital (LUMO) energy levels with respect to the metal Fermi level (EF) of the source
drain contacts, which allows for the formation of the conducting channel (Figure). Hence, 
a negative gate voltage shifts the orbitals up and results in the alignment of the HOMO 
with EF, making it possible to have hole conduction. Otherwise, if a positive gate voltage 
is applied, the HOMO and LUMO will shift down, and if the LUMO becomes resonant 
with EF, electrons will flow from the metal to the LUMO.
The Figure 2.4(ii)
semiconductors. When the voltage applied at the gate is 0 V
cannot have any charge carriers to create a current in the semiconductor. But the flowing 
current can be created in the semicondu
source electrode and the currents created in the semiconductors will be small due to the 
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the operation of the organic field effect transistor 
.
40
 As depicted in Figure 2.4 (i), the voltage applied to the gate 
 
 explained operation principal of both n-type and p
, the organic semiconductor 
ctor by direct injection from the drain or the 
 
-
-type organic 
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higher resistance and the distance between the drain and the source electrodes is very 
large. When the voltage applied at the gate is negative then the induction of the positive 
charges occurs at the organic semiconductor, which is called p-type conducting channel. 
The positive charges created by the voltage (VD) from the drain to the source (VD) can be 
extracted from the electrodes, if the fermi level of the drain or the source metal lies close 
to the HOMO level of the semiconductor. These organic semiconductors are called p-
type semiconductors. When the voltage applied at the gate is positive, the induction of the 
negative charges occurs at the organic semiconductor. Here n-type conducting channel is 
formed. When a voltage (VD) is applied, the negative charges are extracted from the 
electrodes, if the fermi level of the drain or the source metal lies close to the LUMO level 
of the organic semiconductor. These organic semiconductors, which are able to conduct 
negative charge carriers, are called n-type semiconductors. 
   
  
 
Figure 2.4: (i). Schematic representation of the HOMO and LUMO of the organic 
semiconductor with respect to the source and drain metal Fermi level; (ii). (a) 
Represents that no charges are present when the gate voltage applied is 0V; (b) 
Represents that a p-type OFET is realized when a negative voltage is applied at the 
gate; (c) Represents that a n-type OFET is realized when a positive voltage is 
applied at the gate.41 
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2.3 The Performance Evaluation Parameters 
The two key parameters measured in the organic field effect transistors are the 
field-effect mobility and the on-off current ratio (Ion/Ioff). The on-off current ratio 
indicates the ability of the device to shut down. The high mobility in the semiconductor 
ensures a high on-off current ratio. The mobility in the organic semiconductor is mainly 
depended on the structure of the material.19 The output characteristics of the organic field 
effect transistors can be visualized by plotting the curves for the drain current (ID) vs the 
drain voltage (VD) for various gate voltages (VG). The Figure 2.5(a) represents the set of 
such curves.7 
 
Figure 2.5: (a) The typical output characteristics of an OFET; (b) Transfer 
Characteristic graph of an OFET6 
 
As shown in Figure 2.5(a), the majority of the charge carriers of the organic 
semiconductor attribute the positive or negative sign for the drain current. For the n-type 
semiconductor the positive signs are attributed to both the drain current and the drain 
voltage. For the p-type semiconductor the drain current and the drain voltage are 
indicated by the negative sign. The curves in the graphs can be divided into two regimes. 
( (
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The current follows the ohms law at low drain voltages and is proportional to the drain 
voltage. This is known as the linear regime. As the drain voltage increases the drain 
current becomes independent of the drain bias and this is known as the saturation regime. 
The characterizing feature of the organic field effect transistor is to draw a drain current 
as a function of the gate voltage when the drain bias remains constant. This is known as 
the transfer characteristic as shown in the Figure 2.5(b), which is used as a control 
switch in the device operation. The transfer characteristic provides an access to the on-off 
current ratio which is the ratio of the drain current at a given gate voltage to that at the 
zero gate voltage.7 
2.4 Structure-Property Relationship for OFETs performances 
Molecular packing: 
In organic semiconductors, charge carriers transport along molecular pi orbitals. 
The overlap degree of neighboring molecular orbitals significantly determines the 
mobility of charges. Molecular packing with strong intermolecular overlaps is favorable 
for efficient charge carrier transport and the availability of high field-effect mobility. 
Most organic semiconductors exhibit a herringbone-packing motif without efficient face-
to-face pi–pi overlap42, 43 which is not beneficial to efficient charge transport. Now a days, 
comprehensive work has been carried out on the design of judicious substitutions at peri-
positions of acenes, introducing polarity, increasing the C/H ratio or adding heteroatoms 
to produce hydrogen bonds, halogen–halogen interactions or chalcogen–chalcogen 
interactions to enhance the intermolecular overlaps, and thus improving the charge carrier 
transport properties.44 Till now, slipped herringbone packing, lamellar stacking, brick-
wall, and brickstone, molecular arrangements with promoted pi–pi stacking have been  
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synthesized. It was reported that a close side-by-side and brick-wall packing with strong 
pi–pi intermolecular interactions gave high mobilities.45 
Tuning energy gap and energy alignment: 
The electronic structure of organic molecules not only plays a crucial role for 
charge injection and transport in organic semiconductors, but also is essential for its 
environmental stability. Therefore, it is important to design molecules with a thought of 
molecular energy gaps and levels. For p-type materials, the HOMO levels are typically 
4.9–5.5 eV, while for n-type materials the LUMO levels are normally at 3–4 eV.46,47 For 
example, the choice of suitable conjugation units (such as acenes or thiophene cores) and 
incorporation of some weak electron-donating groups and side chains in the molecules 
serve to lower the HOMO energy level and enlarge HOMO–LUMO band gaps, as well as 
strengthen molecular interactions, resulting in many unexpected high performance and 
air-stable p-type organic semiconductors.48-50 Introducing strong electron-withdrawing 
groups to stabilize the organic anions against oxygen and water is another effective 
approach for highly stable n-type semiconductors. 
Purity: 
Impurities in organic semiconductors can be introduced through the complex 
synthesis process or existing defects in the molecular structure. These defects can 
severely result in poor field-effect performance by forming a large amount of charge 
trapping sites in the active layer or acting as dopants for semiconducting materials.51 
Presently, two approaches have been widely used to obtain highly pure organic 
semiconductors, (i) simplifying synthetic routes, enhancing synthetic sequences, or 
beginning with purified starting materials, and (ii) purifying products many times. These 
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methods work effectively for small molecules. Conversely, the availability of highly pure 
polymer materials is more challenging.52 
2.5 Challenges of OFETs for Commercial Success 
In the past few years remarkable progress has been achieved in organic 
semiconductors and their devices, whose mobilities are comparable with that of silicon 
FETs. However, design of novel materials, optimization of device structure, and the 
exploration of application deserve continued focus in the future. Organic semiconductors 
are struggling for improved mobility for organic circuits and organic chips, and not only 
high mobility, but also high air stability and solution processability. The compound 
pentacene has improved FET but has a disadvantage of low stability to light and oxygen. 
19, 27 The α- linked dimer of dithieno (3,2-b :2’3’-d ) thiophene and its alkylated derivative 
are effective as the active layer in organic thin film transistors.53 But it has draw backs 
that this class are subjected to photobleach and doping, which produce a major drop in 
their performance.53 To achieve further development of OFETs, new organic 
semiconductors with high carrier mobility, excellent stability and low cost are still 
desirable. Both the high environmental and operational stabilities are necessary to enable 
the applications of OFETs. 
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CHAPTER 3 
RESULTS AND DISCUSSION 
3.1 Overview 
Over the past decades, fully conjugated derivatives of fused-thiophenes and 2,6-
disubstituted thiophene-anthracenes molecular systems (described in Section 1.2) have 
shown promise as semiconducting materials with high charge carrier mobilities.33,34 It is 
worthwhile to design molecular fragments by functionalizing 9- and 10- positions of 
anthracene with thiophene units and 1-pyrenevinyl units and study their optoelectrical 
properties. Here, I have synthesized and fully characterized five monomeric systems 
(Compound 1-4&6) and two polymeric systems (5&7) which are derived from 9,10-
bisvinylanthracene and 2,2’-bithiophene derivatives. The solution phase 
photoluminescence behaviors of these compounds were studied.  
3.1. 1 Synthesis and Characterization of 9,10-di(thiophen-3-yl)anthracene, (1) 
As depicted in Scheme 3.1, compound (1) was synthesized by palladium 
catalyzed Suzuki Coupling reaction.54 Starting from 9,10-dibromoanthracene and 2-
thionylboronic acid, the compound (1) was synthesized and purified using column 
chromatography. The product was further purified by crystallization using a two-solvent 
system (Hexane and Dichloromethane) to yield long, yellow needles of good quality and 
is shown in Figure 3.2 (a). The compound was characterized by 1H NMR and elemental 
analysis. 1H-NMR shows well resolved two sets of aromatic hydrogens from anthracene 
unit at δ 7.82-7.84 and 7.17 nm and three sets of aromatic hydrogens from thiophene 
rings at δ 7.88, 7.62 and 7.30. The FT-IR spectra of the compound (1) confirmed the 
presence of characteristics bands for S-C stretchings at 916 cm-1 and 1436 cm-1. 
  
 
 
 
Scheme 3.1: Preparation of compound by Suzuki 
 
 
 
 
Figure 3.2: (a) Crystals of compound (1) under fluorescence microscope; (b) 
Simulated molecular structure and space filling model of compound (1) after energy 
optimization at AMG1 using Spartan 6.0 molecular simulation program
3.1.2 Photophysical Studies of Compound 
 A Photophysical study for (
spectrum was obtained in chloroform. As shown in 
absorption spectrum exhibit typical spectral charac
thiophene units where three characteristic vibronic bands of the S
anthracene at 360, 380 and 400 nm with a broad shoulder peak from thiophene units at 
340 nm. The photoluminescence emission spectrum 
the expected λmax at 420 nm with well
with a shoulder peak at 490 nm (
agree well with the spectral pattern of their 
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coupling reaction 
(1) 
1) was carried out in solution phase. The
Figure 3.3(a), the solution phase 
teristics features of anthracene and 
0-S1 transitions of 
of compound (1) in solution shows 
-resolved vibronic bands at 440 nm and 460 nm 
Figure 3.3(b)). These spectral patterns of compound (
monomer units. 
 
 absorption 
1) 
(1) 
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Figure 3.3: (a) UV-visible spectrum and (b) Fluorescence emission spectrum (excite 
at 360 nm) of compound (1) in chloroform solution. 
3.2 Functionalizing thiophene core unit with 9-vinylanthracene and study their 
optical properties 
Three molecular systems (from compounds (2)-(4)) and a polymeric system (5) 
were designed and synthesized by functionalizing 2- and 5- position of thiophene core 
unit and 5- and 5’- positions of 2,2’-bithiophene core unit with anthracene and 9-
vinylanthracene derivatives. The photophysical properties of these four systems were 
studied and compared with the compound (1). The compound (1) is the building block for 
the design of these three compounds (2-4) and the polymeric system (5).    
3.2.1. Synthesis and Characterization of trans-2,5-(dianthracene-9-vinyl)thiophene, 
(2) 
Scheme 3.4 shows the synthetic path used to make compound (2) by utilizing 
palladium catalyzed Heck coupling reaction.55 The Heck couplings worked in fairly good 
yield to give essentially all (E,E)-geometry products. The main characterization was done 
by 1H-NMR, IR, and elemental analysis. The 1H NMR spectrum of this derivative 
(a) (b) 
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confirmed that there are no unreacted vinyl protons in the δ 6-7 range. Also 1H-NMR 
spectra clearly show well-resolved trans-ethenyl =C-H doublets at δ 7.1-7.2 range with J 
= 16 Hz. The intermediate compound, 9-vinylanthracene was prepared from 9-
anthracenecarboxyaldehyde using Wittig reaction and purified by column 
chromatography to obtain pure product of yellow crystalline solid in good yield. 
 
 
  
Scheme 3.4: Preparation of compound (2) by Heck coupling reaction 
3.2. 2 Synthesis and Characterization of trans-5,5’-(dianthracene-9-yl)vinyl)- 2,2’-
bithiophene, (3) 
 
 
 
 
          Scheme 3.5: Preparation of compound (3) by Heck coupling reaction 
The compound (3) was also prepared in similar manner as described in section 
3.2.1 Using palladium catalyzed Heck coupling reaction from 5,5’-dibromo-2,2’-
bithiophene with 9-vinylanthracene (Scheme 3.5). The product was characterized by 1H-
NMR, IR, and elemental analysis. 1H-NMR spectra confirms the well-resolved trans-
ethene =CH doublets at δ 7.1-7.2 range with J = 16 Hz.  
(2) 
(3) 
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3.2.3 Synthesis and Characterization of 5,5’-di(2-thiophene)-2,2’-bithiophene, (4) 
The synthetic path to make tetra-thiophene oligomer (4) is shown in Scheme 3.6. 
Suzuki coupling reaction of 5,5’-dibromo-2,2’-bithiophene with 2-thionylboronic acid 
gave compound (4) in considerably good yield. The product was further purified by 
column chromatography to yield crystalline solid. 1H NMR spectrum confirmed the 
presence of thiophene unit with well-resolved aromatic hydrogens from thiophene rings 
at δ 6.9-7.4. The FT-IR spectra of the compound (4) confirmed the presence of 
characteristics bands for S-C stretchings at 927 cm-1 and 1403 cm-1 and elemental 
analysis confirmed the product composition.   
 
 
 
 
Scheme 3.6: Preparation of compound (4) by Suzuki coupling reaction 
3.2.4 Synthesis and Characterization of poly (anthracene-co-bithiophene), (5) 
The preparation of polymeric derivative of thiophene and anthracene core units is 
depicted in Scheme 3.7. Bromide-terminated poly (anthracene-co-bithiophene) was 
prepared by Grignard metathesis (GRIM) polymerization as described by McCullough 
and co-workers,56 starting from 5,5’-dibromo-2,2’-bithiophene and 9,10-
dibromoanthracene. The polymer was characterized primarily by 1H NMR and molecular 
weight of the polymer was determined from 1H NMR spectrum by integration of main 
bithiophene chain aromatic hydrogen signals to signal from chain end hydrogen.  
(4) 
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                         Scheme 3.7: Preparation of polymer (5) by GRIM method 
3.3 Photophysical Studies of Compounds (2)-(4) and polymer (5) 
Photophysical properties of 2-4 and polymer (5) were studied in solution. Figure 
3.4 (a) compares their UV-vis spectra, which compound 2 and polymer 5 show 
anthracene core absorption at about 380 nm with poorly resolved vibronic bands at 360 
nm and 400 nm with a thiophene absorption around 270 nm. However, the absorption 
maximum of compound 3 is one broad peak, which is dominated mainly by bithiophene 
core unit rather than terminal anthracene units.   
Figure 3.4 (b) shows solution photoluminescence spectra for 2-4 and polymer 
(5). The emission spectrum of compound (2) shows featureless one broad peak with the 
emission maxima at 425 nm, which is slightly blue shifted, compare to maxima of typical 
anthracene emission. However, the emission of compound 3 is nearly identical in peak 
positions and shapes to those of for compound (2). The compound (4) shows well-
resolved vibronic bands with the emission maxima at 490 nm and a shoulder peak at 
about 530 nm. The polymer (5) shows two sets of distinct emissions peaks with the 
emission maxima at 420 nm and 460 nm with a shoulder peak at 530 nm. 
 
 
 
 19 
 
 
 
               
 
 
Figure 3.4: (a) UV-visible spectrum and (b) Fluorescence emission spectrum (excite 
at 360 nm) of compounds (2-4) and polymer (5) in chloroform solution. 
3.4 Functionalizing 9,10-(divinyl)anthracene core with 1-phenylcarboxypyrene via a 
flexible linker and study optical properties 
Incorporating triarylamines, carbazoles and pyrene to the main chain backbone 
improves the thermal stability, charge carrier mobility, and on/off current density of an 
active material, because these tend to increase photostability and assist 
photoluminescence properties such as quantum yield and energy transfer.10 Therefore in 
this project, compound (6) was designed by introducing pyrene carboxyphenyl linker 
onto main 9,10-divinylanthracene core to increase the energy band gap as well as to 
improve on/off current density and stability of the basic anthracene chromophore.  
3.4. 1 Synthesis and Characterization of 9,10-(di (1-phenylcarboxy-
pyrene)vinyl)anthracene, (6) 
Scheme 3.9 shows the synthesis of compound (6), which is mainly based on the 
palladium catalyzed Heck coupling reaction. 1-Pyrenemethanol was subjected to 
esterification reaction with 4-vinylbenzoic acid followed by Wittig methylenation to give 
1- pyrencarboxy-phenylvinylene, (8). 9,10-Dibromoanthracene was then reacted with 
compound (8) to make compound (6), which was obtained in considerable good yield. 
(a (b
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However, I was unable to obtain pure product after column chromatography. The 1H 
NMR spectrum shows that the ethenyl groups all have (E)-geometry.  
 
 
Scheme 3.9: Preparation of compound (6) by Heck coupling reaction 
3.4.2 Photophysical Studies of Compound (6) 
The photophysical behavior of (6) in dilute chloroform solution was studied 
(Figure 3.10). Compound (6) shows main anthracene chromophore emissions from 370 
nm to 425 nm and the weak and broader peak of pyrene emission around 450 nm to 600 
nm when the molecule is excited at excitation wavelength of 340 nm where the 
absorption maxima of anthracene core. When the molecule is excited at 400 nm, the 
emission is nearly the same, except that the pyrene emission is less broad and gives a 
small shoulder around 490 nm. 
 
(6) 
(8) 
 Figure 3.10: Fluorescence emission spectra by excitation at (a) 340 nm and (b) 400 
nm of compound (6) in chloroform solution.
3.5.1 Synthesis and Characterization of 
As depicted in Scheme 3.11
metathesis followed by carbon
The product was characterized by 
determined by integration of main chain aromatic hydrog
signal of chain end hydrogen. Thermograv
weight of organic content, which is found to be 80
 
 
Scheme 3.11: Preparation of polymer (7) by GRIM method
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poly (anthracene), (7) 
, poly (anthracene) was prepared by Grignard 
-carbon coupling in the presence of nickel (
1H-NMR and the polymer molecular weight was 
ens at 1-and 4 positions to the 
imetric analysis confirmed the percentage 
.   
 
II) catalyst. 
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3.5.2 Photophysical Studies of Compound (7) 
A Photophysical study for (7) was carried out in chloroform solution. As shown in 
Figure 3.12(a), the solution phase absorption spectrum exhibit typical spectral 
characteristics features of anthracene where three well-resolved characteristic vibronic 
bands of the S0-S1 transitions of anthracene at 360, 380 and 400 nm. The 
photoluminescence emission spectrum of compound (7) in solution shows the expected 
λmax at 410 nm with well-resolved vibronic bands at 430 nm and 460 nm (Figure 3.12 
(b)). These spectral patterns of compound (7) agree well with the spectral pattern of its 
monomer. 
 
Figure 3.12: (a) UV-visible spectrum and (b) Fluorescence emission spectrum (excite 
at 360 nm) of compound (7) in chloroform solution. 
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CHAPTER 4 
EXPERIMENTAL PROCEDURES 
4.1 Procedures 
Materials:  
9,10-dibromoanthracene, 9-bromoanthracene, Bis-triphenyl 
phosphinepalladium(II) chloride, Anhydrous tetrahydrofuran, 2-thiopheneboronic acid, 
N-bromosuccinimide, 9-anthracenecarboxyaldehyde, Methyl triphenylphosphonium 
bromide, N-butyllithium (1.6M in Hexane), Triethyl amine, dimethyl formamide, Tri-o-
toyl phosphine, palladium acetate, 2’-2’ Bithiophene, Acetic acid, 3-thiopheneethanol, 
Manganese dioxide, 9-anthracenecarboxylic acid, 2- hydroxyethylacrylate, N,N'-
Dicyclohexylcarbodiimide(DCC), 4-Dimethylaminopyridine (DMAP), Palladium acetate, 
Tri phenyl phosphine, 5-5’ dibromo-2,2’ bithiophene, Tetrakis Palladium Acetate, 
Anhydrous Ethanol, Teritarybutylmagnesiumchloride, 9- anthracene methanol were 
obtained from Aldrich chemicals. Sodium carbonate was obtained from Fischer 
Scientific. Dichloro(bis(1,3-diphenylphosphino)propane)nickel(II) was obtained from 
Alfa Aesar. Unless otherwise specified, all chemicals were used as received. All the 
solvents were used as received. 
Characterization: 
Proton NMR spectra were recorded on a 500 MHz Jeol using CDCl3 as solvent. 
FTIR spectra were measured using a ATIR-Perkin-Elmer Spectrum One. 
Thermogravimetric analysis was performed at theThermal Analysis Laboratory. The 
samples were analyzed at TA Q5000TGA .The samples were held isothermal at room 
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temperature for 30min and then heated from room temperature to 650 ºC at 10 ºC min-1 in 
nitrogen. The purge gas was heated at 10 ºC min-1 to 800 ºC. The elemental 
compositions(C and H) were analyzed by Micro–Elemental Analysis Lab at the 
Advanced Materials Institute at Western Kentucky University. The photophysical 
properties in solution were performed on a Fluorescence spectrometer (Perkin Elemr LS 
55) and UV-visible spectrometer (Perkin Elemr, Lambda 35). 
4.2 Preparation of compound (1) by Suzuki coupling. 
 
 
 
 
 
 
 
Anhydrous tetrahydrofuran (THF, 5 mL) was injected into a 100 mL three-necked 
round bottom flask previously flushed with argon containing 9,10-dibromoanthracene 
(200 mg, 0.5 mmol), bis(triphenyl phosphine)palladium(II) chloride (17.5 mg, 25x10-5 
mmol). Then, previously degased 2 M sodium carbonate solution (7 mL, 0.013 mol) was 
added by syringe and stirred for 10 min at room temperature. The solution of 3-
thionylboronic acid (191 mg, 0.0015 mol) was taken into a small round bottom flask (25 
mL) flushed with argon and 10 mL of THF was added. This solution was added to the 
reaction mixture and refluxed at 90°C for 48 hrs. The reaction turned to dark brown 
within 30 min of refluxing. The reaction was then cooled to room temperature and poured 
(1) 
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into 150 mL of ice water to precipitate the crude product as a greenish yellow solid, 
which was collected by vacum filtration. The crude product was dissolved in 
dichloromethane and filtered through a silica and celite (3:2) column. The filtrate was 
concentrated in rotovap and the crude product was crystalized using the solvent mixture 
of dichloromethane to hexane 3:2 ratio to yield long yellow needles (Yield 33%). The 
product was characterized using 1H-NMR, IR, UV-vis, and fluorescence spectroscopy. 
1H-NMR(CDCl3): δ 7.82-7.84 (m, 4H), 7.17-7.19 (dd, 4 H), 7.88 (d, 2 H), 7.62 (m, 2H), 
and 7.30 (d, 2H) 
4.3 Preparation of 9-vinylanthracene by Wittig Reaction. 
 
 
 
Anhydrous tetrahydrofuran(THF, 40 mL) was injected into a 100 mL three-
necked round bottom flask previously flushed with argon containing methyl 
triphenylphosphonium bromide (3.42 g, 9.6 mmol). The flask was placed in a Dewar 
containing dry ice and acetone to maintain temperature at -70°C, followed by an injection 
of n-butyl lithium (11.96 mL,0.019 mol) into the reaction mixture slowly drop wise over 
an hour time period . To the reaction mixture, 9- anthracenecarboxyaldehyde (1 g, 4.8 
mmol) previously degassed and dissolved in 10 mL of THF was added. The temperature 
of the reaction flask was raised to room temperature and continued stirring for 24 hours. 
The reaction mixture was poured into ice water and back extracted with dichloromethane, 
dried over anhydrous MgSO4 and concentrated in vacuo. The concentrated sample was 
further purified by column chromatography using hexane as solvent to yield crystalline 
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yellow solid (Yield% = 75%, m.p = 58-60 °C). 1H-NMR(CDCl3): δ 5.61-5.65 (dd, 1 H), 
5.90-6.02 (dd, 1H), 7.45-7.47 (m, 4 H), 8.31-8.33 (m, 4H), 8.38 (s, 1H)  
4.4 Preparation of compound (2) by Heck Coupling. 
 
 
 
 
 
To a 100 mL three-necked round bottom flask containing 2,5-dibromothiophene 
(0.16 mL, 1.45 mmol), 9-vinylanthracene (600 mg, 2.9 mmol), catalytic amount of 
palladium acetate (2 mg, 9.6 x 10-5 mmol) and tri-o-toyl phosphine (29 mg, 9.6 x 10-4 
mmol), DMF (20 mL) was injected. The reaction was refluxed at 90°C for 30 min and 
triethyl amine (7.33 mL, 52.2 mmol) was added and heating was continued at 90°C for 2 
days. The reaction was cooled and poured into 30 mL of distilled ice water followed by 
addition of 10% HCl (~5 mL) drop wise. The resultant yellow solid was centrifuged and 
dissolved in dichloromethane and dried over anhydrous MgSO4 and concentrated in 
rotovap. The final product was washed a couple of times with hexane to remove 
impurities to a yellow solid. However, the yield was very low and reproducibility was not 
successful. The product was characterized using 1H-NMR, IR, UV-vis, and fluorescence 
spectroscopy.  
(2) 
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4.5 Preparation of compound (3) by Heck Coupling. 
 
 
 
 
 
To a 100 mL three-necked round bottom flask containing 5,5’-dibromo-2,2’-
thiophene (200 mg, 0.615 mmol), 9-vinyl anthracene (260 mg, 1.29 mmol), catalytic 
amount of palladium acetate (0.46 mg) and tri-o-toyl phosphine (60 mg) were added and 
flushed with argon. DMF (20 mL) was injected and the reaction mixture was refluxed at 
90°C for 30 min. Then, tri-ethylamine (1.55 mL, 11.07 mmol) was added and heating 
was continued at 90°C for 2 days. The reaction was cooled and poured into 30 mL of 
distilled ice water, followed by addition of 5 mL 10% HCl acid. The resultant yellow 
solid was centrifuged, dissolved in THF, and dried over anhydrous MgSO4. The solvent 
was evaporated under vaccuo. The final product was washed for a couple of times with 
hexane to remove impurities to yield yellow solid (Yield = 20%). The product was 
characterized using 1H-NMR, IR, UV-vis, and fluorescence spectroscopy.  
4.6 Preparation of compound (4) by Suzuki Coupling. 
 
 
 
(3) 
(4) 
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Anhydrous ethanol (20 mL) was injected into a 100 mL three-necked round 
bottom flask previously flushed with argon containing 5,5’-dibromo-2,2’- bithiophene 
(388 mg, 12 mmol), 2- thionylboronic acid( 230 mg, 1.8 mmol) Sodium carbonate (191 
mg, 1.8 mmol) was added and stirred for 10 min at room temperature, and then  
tetrakis(triphenylphosphine)palladium(II) (69 mg, 62 x 10-3 mmol) was added to the 
reaction mixture and was refluxed at 80°C for 48 hrs. The reaction mixture was poured 
into ice water and extracted with dichloromethane and dried over anhydrous MgSO4, and 
the solvent was removed under reduced pressure to yield yellow solid (Yield = 27%). The 
product was characterized using 1H-NMR, IR, UV-vis, and fluorescence spectroscopy.  
4.7 Preparation of polymer (5) by GRIM method. 
 
 
 
 
 
To a 100 mL three-necked round bottom flask containing 9,10-dibromoanthracene 
(2.07 g, 6.17 mmol), 5,5’-dibromo 2,2’- bithiophene (2 g, 6.17 mmol) , anhydrous THF 
(5 mL) was injected under argon atmosphere and stirred for 10 min. Tert-butyl 
magnesium chloride (12.34 mL, 12.34 mmol) was added to the reaction drop wise and 
heated to 80°C for 1 hour.  
The reaction was cooled to room temperature and dichloro(bis(1,3-
diphenylphosphino)propane)nickel(II) (55 mg, 0.10 mmol) was added to the reaction 
mixture  in two portions within 30 min time intervals and continue stirring another 30 
(5) 
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min at room temperature. The reaction was quenched with 5ml of methanol and the red 
solid was filtered through succession filtration and washed with methanol followed by 
hexane to yield the product as a red solid (Yield = 27%). The polymer was characterized 
by 1H-NMR, UV-vis, Fluorescence, and thermogravimetric analysis. 1H-NMR(CDCl3): δ  
4.8 Preparation of compound (6) by Heck Coupling. 
 
 
 
 
 
 
To a 100 mL three-necked round bottom flask, DMF (20 mL) was injected 
previously flushed with argon containing 9,10-dibromoanthracene (300 mg, 0.89 mmol), 
1-pyrene- carboxy-phenylvinylene (719 mg, 1.88 mmol), catalytic amount of palladium 
acetate (0.6 mg) and tri-o-toyl phosphine (91 mg). The reaction was refluxed at 90°C for 
30 min followed by the addition of tri-ethylamine (2.27 mL, 16.01 mmol) and heating 
was continued at 90°C for 2 days. The reaction was cooled and poured into 30 mL of 
distilled ice water and quenched with 5 mL of 10% HCl that was added drop wise. The 
resultant yellow solid was filtered and dissolved in THF and filtered, dried over 
anhydrous MgSO4 and concentrated by vaccuo to yield yellow solid (Yield = 20%). The 
final product was washed for a couple of times with hexane to remove impurities. The 
product was characterized by 1H-NMR, UV-vis, Fluorescence, and thermogravimetric 
analysis. 1H-NMR(CDCl3): δ 6.83-6.84 (d, 1H), 6.89-6.90 (d, 1H), 6.94-6.95 (m, 4H), 
(6) 
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7.01-7.06 (dd, 2H), 7.16-7.20 (dd, 2H), 7.20 (m, 4H), 7.45-7.50 (m, 4H), 7.53-7.54 (m, 
4H), 7.64-7.66 (m, 2H), 7.78-7.81 (m, 2H), 7.88-7.90 (dd, 2H).  
4.9 Preparation of Polymer (7) by GRIM Method. 
 
 
 
 
 
Anhydrous THF (5 mL) was injected into a 100 mL three-necked round bottom 
flask previously flushed with argon containing 9,10-dibromoanthracene (3 g, 8.9 mmol), 
and the reaction was stirred for 10 min. Teritary-butyl magnesium chloride (8.9 mL) was 
added to the reaction drop wise and heated to 80°C for 1 hour. The reaction was cooled to 
room temperature,and Nickel catalyst (55 mg, 0.10 mmol) was added to the reaction 
mixture in two portions within 30 min intervals and continusly stirred at room 
temperature for another 30 min. The reaction was quenched with 5mL of methanol and 
filtered through succession filtration and washed for a couple of times with 15 mL of 
hexane and dried in the vacuum oven to yield yellow solid (Yield = 20%). The product 
was characterized by 1H-NMR, UV-vis, Fluorescence, and thermogravimetric analysis. 
1H-NMR(CDCl3): δ 7.62-7.64 (dd, 4H), 8.52-8.59 (dd, 4H). 
 
 
 
 
(7) 
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CHAPTER 5 
CONCLUSION AND FUTURE DIRECTIONS 
  This thesis work was carried out for better understanding of the structure-property 
relationship of conjugated molecular and polymeric systems. Much effort has been 
directed towards the optimization of materials for the active layer of OFETS, including pi- 
conjugated fused arenes and polymers. The major challenge of this work was to design 
and synthesize pure materials with high charge carrier mobility, thermal stability and 
photostability. 
In this thesis, I successfully designed the synthetic paths to make five-fused arene 
molecule systems and two polymeric systems derived from anthracene, pyrene and 
thiophene core units and fine-tune the photophysical properties via structural 
modifications. The compound (1) was designed and synthesized to have a shortest 
conjugation length and used as a reference compound for fine-tuning the optical 
properties and carrier charge mobilities. By extending conjugation length from vinylene-
thiophene-vinylene compound (2) to vinylene- thiophene-thiophene-vinylene compound 
(3) the absorbance maxima and the emission maxima were blue shifted rather than 
shifting more towards to longer wavelength. Therefore, for compound (3) extending 
conjugation length by introducing extra thiophene unit did not show considerable affect 
on improving longer wavelength optical properties. However, the polymeric system (5) 
shows improved optical properties with monomeric emission of both thiophene and 
anthracene units.  
 32 
 
Introduction of pyrene onto our main anthracene core unit while extending the 
conjugation length by introducing vinylene-phenyl unit to 9,10-positions of anthracene 
compound (6) we were able to tune main chromophore color purity to longer 
wavelengths as well as able to improve color stability. The solution phase 
photoluminescence behaviors of compound (6) shows both anthracene core emission and 
pyrene emission and confirmed the effect of conjugation length and effect of 
incorporating bluish green emitter to main anthracene backbone.  
As an overall conclusion, this work elucidated structure-property relationship of 
seven chromophores while optimizing their optical characteristics through functional 
group modifications. Our future research will target making these molecular and 
polymeric materials in larger scale with high purity and evaluate device performance 
parameters for organic field effect transistors (OFETs). 
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